This study evaluated the toxicity of biofertilizers using lettuce seed as bioindicator and maize as cropped plant. The experiment was carried out with five treatments consisting of biofertilizers and manure obtained from mixtures of cattle and ovine litter: T1 -100% cattle manure; T2 -50% cattle manure and 50% ovine litter; T3 -75% cattle manure and 25% ovine litter; T4 -75% ovine litter and cattle 25%; T5 -100% ovine litter and T0 control -distilled water. Five concentrations of each treatment were used with 3, 6, 9, 12 and 15% in three replications submitted to biological testing. The use of biofertilizers with high EC negatively influences lettuce seed germination, the shoots of seedlings when diluted act as a stimulant. The biofertilizer did not affect the maize seeds germination and the seedlings growth was stimulated.
Introduction
Brazil has undergone technological changes in the recent years, aiming to increase productivity and reduce production costs in agriculture. As the high consumption of animal protein and the availability of area for production did not follow the activity growth, many producers were forced to change the rearing system, not only as a way to improve productivity, but also to increase the economic return speed of the activity (ASSOCON, 2012) . Thus, the intensive rearing of cattle for slaughter has contributed to the emergence of serious environmental problems due to the high waste disposal and lack of paving of the confinements (Ribeiro et al., 2007) .
Ovine raising has greater representation in the states of Bahia, Ceará, Piauí, Pernambuco, Rio Grande do Norte, Rio Grande do Sul, Paraná and Mato Grosso do Sul. The annual production reaches 11 million tons of wool, mainly in Rio Grande do Sul, with production chain formed by 35 thousand agricultural establishments (Brasil, 2013) . For the sector to keep a satisfactory performance, it is necessary to invest in productivity and cost reduction. In addition, it is necessary to pay special attention to environmental issues, emphasizing the importance of the use of waste from agricultural industries (Nunes et al., 2005) . An alternative in the use and treatment of agro-industrial waste is to submit them to the anaerobic biodigestion process. According to Côte et al. (2006) the anaerobic biodigestion may be defined as a complex interaction of microorganisms that degrade the various organic compounds present in the waste to the final form of methane and carbon dioxide, mainly. Different species of microorganisms act in this process, being the nonmethanogens responsible for hydrolyzing organic polymers and fermenting them into acetate, hydrogen and carbon dioxide. As for the methanogens, they convert these byproducts into methane.
The nutrients contained in the waste ensure the survival and reproduction of microorganisms present during anaerobic biodigestion, encouraging the degradation of the non-stable organic fraction, and, therefore, pollutant, to the stable form, the biofertilizer, besides producing biogas (Alvarez & Lidén, 2008) . The bovine biofertilizers, being a source of bioactive compounds with bacteria, yeasts, algae and fungi, have positive action on plant nutrition and plant health and stimulate the release of humic substances into the soil (Mahmoud & Mohamed, 2008) .
According to Maia et al. (2008) the use of effluents in agriculture has grown considerably in many countries, including Brazil. However, all the positive and negative aspects of this technique, especially on nutrient uptake by plants or their toxicity, have not been sufficiently studied yet.
To investigate the toxicity of a biofertilizer, it is necessary meet certain requirements. One of the tests included in the Canadian C. Environment Ministerial (CCME) (1996) recommends that "the germination of indicator seeds in aqueous extracts of organic compounds should reach values above 90% germination compared to control". The germination index is an organic chemical condition that indicates the presence or absence of organic compost that can cause toxicity (Silva & Villas Bôas, 2007) .
In this context, this study aimed to evaluate the toxicity of biofertilizers from the anaerobic biodigestion of bovine manure and sheep litter using lettuce (Lactuca sativa L.) as a bioindicator and maize (Zea mays L.), as cropped plant.
Material and methods
The experiment was carried out in the Laboratories of Agro-industrial Waste Analysis (LARA) and Seed and Plant Assessment (LASP), both belonging to Center of Exact and Technological Sciences, of Universidade Estadual do Oeste do Paraná -UNIOESTE, Cascavel city, Brasil, located at Latitude 24º53'S, Longitude 53º23'W and Altitude of 682 meters.
The biofertilizers used in the tests were obtained through the anaerobic biodigestion process. The ratio used for the formulation of the biodigester effluents containing cattle manure and ovine litter sought the percentage of total solids between 5 and 8%. The hydraulic retention time was 159 days in batch system (Cestonaro, 2013) . The treatments included proportions of cattle manure and ovine litter, as follows: T 0 -distilled water; T 1 -100% cattle manure; T 2 -50% cattle manure and 50% ovine litter; T 3 -75% cattle manure and 25% ovine litter; T 4 -75% ovine litter and 25% cattle manure and T 5 -100% ovine litter.
The characterization of biofertilizers from the biodigestion of cattle manure and ovine litter was made for total and volatile solids and biochemical oxygen demand (BOD), according to the methodology described by the APHA (2012). The determination of nitrogen, phosphorus, potassium, sodium, calcium, magnesium, manganese, iron, zinc and copper were according to methodology of Malavolta (1989) . Cellulose and hemicellulose were obtained through the determination of neutral detergent fiber (NDF) and acid detergent fiber (ADF), according to Campos et al. (2004) . Fractionation of organic matter, as well as the carbon quantification of the fractions of fulvic acids (FA) and humic acid (HA), to obtain the ratio HA/FA, was performed according to the methodology proposed by Benites et al. (2003) ( Table 1) . The concentrations used for each treatment were 3; 6; 9; 12 and 15%. Treat./Conc. -Treatment -Concentration; E.C. -Electrical conductivity; T1 -100% cattle manure; T2 -50% cattle manure and 50% ovine litter; T3 -75% cattle manure and 25% ovine litter; T4 -75% ovine litter and 25% cattle manure; T5 -100% ovine litter.
The lettuce and maize seeds used in the experiment were purchased in local trade. For lettuce, glass Petri dishes, with a diameter of 100 mm and height of 15 mm, lined with two sterile filter paper sheets, were used. 3.0 mL of the solution obtained in the previous step were added, making sure there was no formation of air bubbles in order to ensure seed contact with biofertilizers.
The solution was added only once, at the beginning of bioassays, and, from then on, only distilled water was added whenever it was necessary (Souza Filho et al., 2010) . Immediately after adding the substrate on the Petri dish, using tweezers, 20 seeds were distributed on the paper, spacing them to ensure growth. The plates were placed in a vertical incubator (BOD). The seeds remained at a temperature of 25 0 C under a photoperiod of 12 h, counting was performed daily until the 7 th day of germination (adapted from Brasil, 2009) .
Maize seeds without chemical treatment, from the hybrid CD 384 Hx harvest 2012/2012, were used in order to verify if the biofertilizers interfere with germination and early seedling development. Moistened paper roll for germination was used as sowing substrate in the ratio of two and a half times the volume of distilled water (control) or treatments for the mass of the paper (Marcos Filho et al., 1987) . The rollers were made of four sheets of paper, having two as the base for the distribution of seed and two cover sheets, and then were placed in BOD. Evaluations of seeds and seedlings were made according to the criteria of the Rules for Seed Analysis (Brasil, 2009) .
The counting of germinated seeds was obtained from the first day after the emergence of the radicle until the stabilization of the number of seedlings, following the methodology described in Nakagawa (1999) . Seeds presenting radicle length of 2 mm were considered to be germinated. The germination speed index (GSI) was calculated according to Maguire (1962) .
Data used to evaluate the germination speed were the same as for the evaluation of GSI. The germination speed (GS) was calculated according to Edmond & Drapala (1958) .
After the growth period, as described above, it was determined the primary root length (cm) and hypocotyl length (cm) of ten normal seedlings of each repetition. Measurements were made using a graduated ruler (accuracy of 1.0 mm). Then it was determined the fresh mass of root and aerial part of maize and fresh mass of the whole seedling for lettuce because of its small size. For dry mass, the seedlings were placed in paper bags properly identified and taken to the oven at 60 °C for 48 h. The weighing was carried out on a 0.001 g precision scale, determining the total dry mass of ten seedlings for each repetition.
The experimental design was completely randomized (DCR), with five treatments and five dilutions, with three repetitions and two species (one bioindicator and one cropped). A control containing only distilled water was used. Data were submitted to descriptive statistics and normality analysis through Minitab 14 program. Data showing abnormalities (p-value less than 0.05) were transformed by . The data expressed as percentage were transformed by arc sin (Banzatto & Kronka, 1995; Brasil, 2009) .
The analysis of variance (ANOVA) and data transformation presented as abnormal were performed using the statistical program SISVAR (Ferreira, 2008) . The comparison of treatment means was performed with the application of SkottKnott test at 5% probability. Table 3 shows the results for germination percentage; germination speed index and germination speed using biofertilizers on lettuce seeds. Regardless the concentration of biofertilizers, there was lettuce seed germination in all treatments. Note that in T1 the germination percentage was significantly different from the control, and the lowest percentage was observed in the concentration 12%, followed by concentration 15% and 6%. It is observed that the higher the E.C., the lower the germination percentage, which can be confirmed in T1 and T3. Considering that the high E.C. may reflect the toxicity of biofertilizers, since the toxicity is a property that demonstrates the potential of a substance to cause harmful effect to a living organism. E.C. is the concentration of chemicals, such as salts, that interfere with water absorption by the roots, causing, thus, seedling dehydration (Rand, 1995; Costa et al., 2008) .
Results and discussions
It is observed in T3 that the germination percentage compared to the control has lower average values. This indicates that this treatment has a higher potential of toxicity to lettuce seeds.
T4 showed higher germination percentage, except for the concentration 9%, when compared to the others. Thus, T4 composition does not show toxic potential for the seed germination.
However, in T5 higher germination percentages were recorded for the highest concentrations of biofertilizers. As observed on Table 1 , T5 has in its composition low values for N-P-K. The highest germination percentage, in this case, is related to the initial phase of the seeds, in which they do not require high amounts of nutrients, because they have their natural reserves. However, Souza et al. (2005) ensure that seeds are excellent organisms for bioassays, because when they are rehydrated they start a germination process in which they undergo rapid physiological changes and become highly sensitive to environmental stress. Thus, attesting the importance of using seeds, once they are sensitive to verify biofertilizer toxicity.
In contrast to the results found in this study, Paixão Filho et al. (2008) , using the germination test to check the toxicity of effluents of anaerobic filter, concluded that the effluent did not show any toxicity degree, since the increased concentration of the effluent did not reduce the germination of lettuce seeds used as bioindicators. Young et al. (2012) reported that the use of a simple tool like the toxicity test with lettuce seeds allows the assessment of the quantity and efficiency of the waste treatment system. In this case, anaerobic digestion, suggesting that after the determination of toxicity reduction, by dilution, the effluent can be used in soil irrigation.
For the germination speed index and germination speed (Table 3) , there was no statistically significant difference between all treatments and their concentrations, with control containing only distilled water, in the hydration of the tested seeds.
The treatments (different proportions of cattle manure and ovine litter treated by anaerobic digestion) and tested concentrations (3, 6, 9, 12 and 15%), did not affect significantly the evaluated characteristics of root length, fresh mass and dry mass of lettuce seedlings. However, there was a significant effect for the lettuce seedlings in the length of aerial part, shown on Table 4 .
For treatments 2 and 5, it is observed that the higher the concentration (9, 12 and 15%) the higher the length of aerial part, compared to the control. Viana et al. (2001) studied the influence of water salinity, with the E.C. ranging from 0.3 to 3.8 dS.m -1 on the lettuce seeds, and found that the high E.C. negatively affected the length of the root and aerial part of the seedlings.
Comparing the effects of E.C. on the variables considered in the current studies, it is verified that there have been more intense effect on the germination indices (GSI and GS) than on the seedling growth (length of root and aerial part), considering the sensitivity of lettuce seeds in the initial phase regarding the effluent salinity. Note: different letters correspond to different means at 5% probability by Scott-Knott test; *n.s. -non significant at 5% probability; Control -distilled water; T1 -100% cattle manure; T2 -50% cattle manure and 50% ovine litter; T3 -75% cattle manure and 25% ovine litter; T4 -75% ovine litter and 25% cattle manure; T5 -100% ovine litter.
The highest E.C. found in this study was 1.79 dS m -1 , for T5 in the concentration of 15% (Table  2) , this E.C. value provided growth of root and aerial part of lettuce seedlings in this concentration of biofertilizers. Since Costa et al. (2001) stated that the E.C. variation of the nutritive solution changes the water and nutrients by the plants, interfering with their metabolism and, consequently, their production, and may then be detrimental to values around 2.5 dS m -1 . Viana et al. (2001) analyzed the influence of saline water, in irrigation with E.C. ranging from 0.3 to 3.8 dS m -1 on lettuce seeds. The authors founded that the high E.C. negatively affected the root and aerial part length of the seedlings.
In addition to using lettuce seeds as bioindicators, it is important to perform the toxicity test in a crop, like maize used in this study, since it is one of the most cropped in the study region. Table 5 shows the germination percentage, the germination speed index, the germination speed and the root and aerial part length of maize under treatments with biofertilizers concentrations. Note: different letters correspond to different means at 5% probability by Scott-Knott test; *n.s. -non significant at 5% probability; Control -distilled water; T1 -100% cattle manure; T2 -50% cattle manure and 50% ovine litter; T3 -75% cattle manure and 25% ovine litter; T4 -75% ovine litter and 25% cattle manure; T5 -100% ovine litter.
For the germination percentage of maize seeds, the concentrations and treatments did not show toxic potential that interfere with seed germination. This fact is because the seed is less sensitive to high E.C. T4 (Table 5) showed the highest means for length of root and aerial part, compared to the control, without presenting statistical difference between their concentrations, differing from the control. T3 (Table 5) was the treatment that presented the highest number of concentrations with average root length statistically equivalent to the control. For the length of aerial part, it showed higher values than the control. Therefore, the E.C. positively affects the growth of the roots. Only in T2, this statement is reversed, with lower averages in aerial part (8.33 cm) and increase in root length (15.63 cm).
Regarding the development of maize seedlings, the results are shown on Table 6 . Note: different letters correspond to different means at 5% probability by Scott-Knott test; Control -distilled water; T1 -100% cattle manure; T2 -50% cattle manure and 50% ovine litter; T3 -75% cattle manure and 25% ovine litter; T4 -75% ovine litter and 25% cattle manure; T5 -100% ovine litter.
The fresh mass of root and aerial part of maize seedlings was not negatively affected by the treatments, being equal or higher when compared to the control. In general, it is observed that the fresh mass of root becomes smaller as the E.C. increases. This fact is reported in all treatments, since the amount of salts available to the root may affect its development.
For fresh mass of aerial part, treatments 3, 4 and 5 showed the highest means when compared with the control, not differing in higher concentrations, increasing the seedling weight even under high E.C.
The greatest statistical differences were observed in dry mass of root of maize seedlings. T2, T3 and T4 showed lower means when statistically compared to the control. The dry mass of aerial part increased with the use of the treatments compared to the control. Whereas T1 and T3, in concentrations 9 to 12%, had higher dry mass values of aerial part.
Although the dry mass of root has been affected by the E.C., this fact is not limiting for the use of biofertilizers, since the culture is less sensitive to the E.C.
Conclusion
The use of biofertilizers with high E.C. negatively influences the germination percentage of lettuce seeds, but acts as stimulant of the length of aerial part of seedlings. In maize seeds, the use of biofertilizers does not influence the germination percentage, but seedling growth is stimulated. Thus, its use as a source of nutrients to the crop can be recommended.
